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Bienertia cycloptera (Chenopodiaceae) produces two types of leaf foliage colour (reddish and yellowish). In order to deter-
mine the role of leaf colour variation in regulating the germination characteristics and salinity tolerance during germina-
tion, a study was conducted on seeds collected from plants of both colours. Seeds with and without pulp were germinated 
under two illumination conditions (12-h light photoperiod and continuous dark), three alternating temperature regimes 
(15/25°C, 20/30°C and 25/35°C), and several salinity levels at 20/30°C. Germination percentage was significantly higher 
for seeds without pulp as compared to the seeds with pulp. The response of B. cycloptera seeds to salinity depended on the 
leaf colour. Thus, the seeds collected from reddish coloured plants were able to tolerate higher salinity compared to those of 
yellowish coloured plant. The germination recovery results indicate that the seeds from both coloured plants could remain 
viable in saline condition and they will be able to germinate once the salinity level are decreased by rain. The production of 
different foliage colours by B. cycloptera seems to be an adaptative strategy which increases the possibility for establishment 
in unpredictable environments by producing seeds with different germination requirements and salinity tolerance.
Coloured compounds such as chlorophyll, anthocyanins and 
carotenoids are the main pigments responsible for produc-
ing colour by plants, and these pigments have various physi-
ological functions in plants (Schaefer and Wilkinson 2004, 
Schaefer and Rolshausen 2006). Chlorophyll is involved in 
photosynthesis, anthocyanins are in protecting the photo-
synthetic apparatus against excess radiation (Gould et al. 
2002, Gould 2004), and carotenoids act in light capture 
and photo protection of light-sensitive leaf organelles 
(Verhoeven et al. 1999, Hormaetxe et al. 2004). Gener-
ally, plants produce these pigments in vegetative tissues in 
response to drought stress, increased ultraviolet light and 
herbivore pressures (Whittall and Carlson 2009). Further, 
flower and fruit colours have been reported to enhance the 
reproductive success of plants by facilitating communication 
between plants, their pollinators and seed-dispersal agents 
(Ridley 1930, Stiles 1982, Schaefer and Schmidt 2004, 
Carlson and Holsinger 2010). However, production of 
bright colours of fruit/foliage is costly because plants need to 
allocate considerable resources to synthesize these pigments 
(Lomascolo et al. 2008, Lev-Yadun and Gould 2009).
Previous studies have reported that flower colour 
polymorphism occurred due to indirect selection on plant 
performance in distinct physical environments (Lacey and 
Herr 2005, Strauss and Whittall 2006). Therefore, different 
morphs have differences in tolerance to abiotic conditions 
which may be maintained by plants to cope with fluctuat-
ing environmental conditions (El-Keblawy et al. 2013). 
Differently coloured floral morphs have also been shown 
to vary with respect to germination and salinity tolerance 
(Takeno and Yamaguchi 1991, Warren and Mackenzie 2001, 
Schemske and Bierzychudek 2001, 2007, El-Keblawy et al. 
2013). However, until now no information has been avail-
able regarding the factors that affects the leaf colour and how 
variation in these colours evolve within a species. Further-
more, it is important to know whether leaf colour diversity 
is driven by physiological demands or if there might be other 
additional selective agents.
Bienertia cycloptera (Chenopodiaceae) is an annual, 
succulent, glabrous herb, 10–40 cm tall, distributed through-
out the Middle East, Iran, Pakistan and Afghanistan (Akhani 
et al. 2003). This species has a unique C4 photosynthesis 
mechanism which occurs within a single chlorenchyma cell 
(Akhani et al. 2005, Voznesenskaya et al. 2005). The spe-
cies is reported to have dimorphic chloroplasts with different 
inner structure (and metabolism) in the leaf mesophyll cells 
(Voznesenskaya et al. 2001, Voznesenskaya et al. 2005). The 
colour of chromoplasts has been reported to play an impor-
tant ecological role in attracting pollinators and seed dis-
persing frugivores (Solymosi and Keresztes 2012). Fruits of 
B. cycloptera are fleshy, orbicular, berry-like and surrounded 
by a fleshy circular wing (Mandaville 2004). The species has 
Figure 1. Variation in leaf colour foliage in B. cycloptera (A) reddish, 
(B) yellowish. Photograph taken from Al-Khor, Doha Qatar.
the ability to self-fertilize and it produces a single seed per 
flower which is protected by the fleshy fruit until desiccation 
when this fleshy fruit ruptures and allows the dispersal of the 
seed (Clay 2006). However, we did not find any literature 
on the mode of seed dispersal in B. cycloptera. This species 
has good potential to be used as forage for camel and sheep 
(Bhat et al. 2013). We observed that this species has two 
distinct leaf colour morphs (reddish and yellowish) (Fig. 1). 
Yellow plants are more abundant than red morphs.
The ability of seeds to germinate fast at low water poten-
tial is an advantageous adaptation for species colonising 
water-stressed environments (Bochet et al. 2007). It has been 
shown in a large number of species that an increase in salt 
concentration usually delays and reduces seed germination 
(Zia and Khan 2004, El-Keblawy et al. 2007, El-Keblawy 
and Al-Shamsi 2008, Tlig et al. 2008). However, there is 
a wide range of variability in salt tolerance among species 
(Khan and Gulzar 2003, Khan and Gul 2006). Moreover, 
many seeds that are unable to germinate at high saline con-
centrations might recover the ability to germinate when 
salinity levels decrease (Baskin and Baskin 2001, Zia and 
Khan 2008).
In this study, we hypothesize that there might be a con-
nection between leaf colour variation and the regulation of 
germination characteristics and salinity tolerance during the 
germination stage in B. cycloptera, which may consequently 
determine the survival strategy in unpredictable desert 
conditions. To test the success of germination in the two 
leaf morphs (reddish and yellowish), we assessed the impact 
of presence and absence of fruit pulp on the germination 
response of B. cycloptera seeds to light, temperature and 
salinity. We also assessed whether seeds that were not able 
to germinate in saline solutions could recover germination 
capacity following transfer to distilled water.
Material and methods
Plant material and storage
Mature fruits of B. cycloptera were collected in December 
2014 from Al-Khor, Doha Qatar (25°65′N, 51°39′E, 2 m 
a.s.l.). Seeds from both colours of leaf foliage (reddish and 
yellowish) (Fig. 1) were collected separately and tested with 
and without pulp. Immediately after collection, seeds were 
cleaned and stored at room temperature (20  2°C) until 
the experiment started (February 2015). The seed mass was 
determined by weighing three replicates, 50 seeds each, with 
and without pulp, from both the reddish and yellowish 
plants. Pulps were removed from the seeds by a hand-made 
rubber thresher and care was taken not to scarify the seed 
coat while removing the pulp.
Effect of light and temperature on seed germination
To investigate the effect of temperature and light require-
ments during germination, seeds with and without pulp of 
both reddish and yellowish plants were incubated in three 
incubators set at three temperature regimes:15/25, 20/30 and 
25/35°C in either continuous darkness or 12-h light/12-h 
darkness. Lower temperatures correspond to the dark period, 
while higher temperatures to the light period. In the con-
tinuous dark treatment, the dishes were wrapped in alu-
minium foil to prevent exposure to light. The germination 
experiment was conducted in 9 cm tight-fitting Petri dishes 
containing one disk of Whatman no. 1 filter paper moist-
ened with 10 ml of distilled water. Four replicates of 20 seeds 
each were used for each treatment. A seed was considered to 
have germinated when the emerging radicle had elongated to 
2 mm. Germinated seedlings were counted and removed 
daily for 20 days following seed soaking. Seeds incubated in 
continuous dark were checked only after 20 days.
Effect of salinity on seed germination
To assess the salinity tolerance during germination, 
seeds without pulp of both reddish and yellowish colored 
plants were germinated under different salinity levels (0, 
100, 200, 400 and 600 mM NaCl). Four replicates, each 
consisting of 20 seeds, were used for each treatment. Seeds 
were germinated in 9 cm diameter Petri dishes on two lay-
ers of Whatman no. 1 filter paper, moistened with 10 ml of 
the test solution. Petri dishes were sealed with parafilm to 
minimize evaporation and incubated at 20/30°C in either 
continuous dark or 12-h light photoperiod. For continu-
ous dark treatment, the dishes were wrapped in aluminium 
foil to prevent any exposure to light. Seed germination was 
recorded as above.
Recovery percentage
Non-germinated seeds from the 20 days NaCl incubation 
tests were transferred to distilled water and incubated for 
an additional 20 days at the same incubation temperature. 
Recovery percentage (RP) was calculated by the following 
formula: RP  (a–b/c–b)  100, where a is the number of 
seeds germinated in NaCl solution after a 20-d period plus 
those that recovered to germination in distilled water after 
another 20-d period, b is the number of seeds germinated in 
NaCl solution after a 20-d period, and c is the total number 
of seeds tested (Gul and Webber 1999, Yang et al. 2010). 
Initial germination was recorded as (b/c)  100, and final 
germination as (a/c)  100.
Data analysis
For all experiments, final germination percentages (mean 
value  SE) were calculated. The values of final germina-
tion percentages were arcsine square-root transformed and 
then subjected to analysis of variance (ANOVA) using SPSS 
(untransformed data shown in Table 1–5). The effect of tem-
perature regime (three levels), illumination conditions (12-h 
light photoperiod and continuous darkness), plant colour 
(reddish and yellowish green plants), and seed type (seeds 
with pulp and without pulp) on the final germination per-
centage were analysed by a four-way factorial ANOVA. A 
three-way factorial ANOVA was also used to test the effect 
of NaCl concentration (5 levels), plant colour (2 levels), and 
illumination conditions (2 levels) on seed germination. One-
way factorial ANOVA was applied to test the effect of differ-
ent concentrations of NaCl on the germination percentages 
(initial and final germination). Similarly, recovery percentage 
(RP) values were analysed by a one-way factorial ANOVA. 
Where ANOVA indicated a significant effect, a comparison 
of mean values was carried out through the least significant 
difference test (LSD) at 0.05 level of probability.
Results
Seed mass
For seeds collected from reddish plants, mean mass ( SE) 
per 50 seeds was 0.152  0.014 g for seeds with pulp and 
0.076  0.002 for seeds without pulp, and for seeds collected 
from yellowish plants, 0.178  0.008 g and 0.073  0.002 
g, respectively.
Effect of temperature and light regimes
The effect of incubation temperature and illumination 
condition (12-h light photoperiod and continuous dark) 
on the final germination percentage of B. cycloptera seeds is 
shown in Table 1, and their correspondent ANOVA results 
are shown in Table 2. Illumination condition, seed type 
(seed with and without pulp), and plant colour (reddish 
and yellowish) had highly significant (p  0.001) effects on 
seed germination; therefore the effect of temperature regime 
was lightly significant (p  0.049). The two-way interac-
tions were significant (p  0.01 and p  0.001, depending 
on interaction), except for the interaction between light and 
temperature (p  0.600). For the three-way interactions, two 
of these were significant (p  0.01) and the other two were 
not significant (p  0.05) (Table 1). The four-way interac-
tion was not significant (p  0.362).
For illumination condition, seed type, and plant colour, 
a one-way ANOVA was used to compare final germination 
percentages. For all three temperature regimes and both illu-
mination conditions assayed, the germination percentage 
of seeds without pulp was higher than that of seeds with 
pulp. Germination of seeds with and without pulp was 
in the range 0–29% and 35–96%, respectively (Table 1). 
Further, for seeds with pulp these values were always lower 
for seeds collected from reddish plants than for those from 
yellowish plants (Table 1). Thus, removal of pulp was found 
to be highly effective in promoting seed germination of 
B. cycloptera.The germination under 12-h light photoperiod 
was generally higher than that under continuous dark, except 
for seeds with pulp from reddish plants (Table 1).
Effect of NaCl concentration
The effects of different NaCl concentrations on germination 
of B. cycloptera seeds are shown in Table 3 and their corre-
spondent ANOVA results are shown in Table 4. The highest 
germination was obtained in distilled water, except for seeds 
collected from reddish plants incubated under continuous 
darkness. Salt concentration, and illumination condition 
had significant (p  0.01) effects on seed germination and 
were dependant on the plant colour (reddish and yellow-
ish). The two-way interactions were significant (p  0.001), 
Table 1. Germination percentages (mean values  SE) of B. cycloptera seeds collected from reddish and yellowish plants. Seeds with 
and without pulp were incubated at three alternate temperatures under two illumination conditions (12-h light photoperiod and continuous 
darkness). Means within a column followed by the same lowercase letters are not significantly different at the p  0.05 level according to the 





Reddish plant Yellowish plant
With pulp Without pulp With pulp Without pulp
15/25 Photoperiod
Darkness
5.00  1.77 aA
6.25  3.25 aA
76.25  2.07 bB
35.00  1.77 aAB
28.75  4.80 cA
12.50  2.79 abA
73.75  4.46 abB
66.25  3.70 aB
20/30 Photoperiod
Darkness
2.50  1.25 aA
2.50  1.25 aA
83.75  2.07 bcB
37.50  2.79 aB
18.75  3.70 bcA
11.25  2.07 abA
91.25  3.25 bB




1.25  1.08 aA
96.25  1.08 cB
37.50  2.79 aB
7.50  2.16 abA
6.25  1.08 aA
80.00  1.77 abB
60.00  1.77 aC
Table 2. Results of the four-way ANOVA regarding the effects of 
incubation temperature (15/25°C, 20/30°C, 25/35°C), plant colour 
(reddish and yellowish morphs), seed type (seeds with and without 
pulp), and illumination conditions (12-h light photoperiod and 
continuous darkness) on the germination of B. cycloptera seeds.
Source of variation DF MS F p
Temperature (T) 2 101.10 3.15 0.049
Plant colour (CP) 1 3073.72 95.64  0.001
Seed type (ST) 1 45337.91 1410.71  0.001
Light (L) 1 3558.39 110.72  0.001
T  CP 2 228.37 7.11 0.002
T  ST 2 519.82 16.17  0.001
T  L 2 16.54 0.51 0.600
CP  ST 1 391.19 12.17 0.001
CP  L 1 373.55 11.62 0.001
ST  L 1 1893.48 58.92  0.001
T  CP  ST 2 85.30 2.65 0.077
T  CP  L 2 38.32 1.19 0.309
T  ST  L 2 209.83 6.53 0.002
CP  ST  L 1 1171.03 36.44  0.001
T  CP  ST  L 2 33.15 1.03 0.362
Error 72 32.14
Table 4. Results of the three-way ANOVA for the effects of NaCl 
concentration (0, 100, 200, 400, 600 mM), plant colour (reddish 
and yellowish plants), and illumination conditions (12-h light 
photoperiod and continuous darkness) on the germination of 
B. cycloptera seeds.
Source of variation DF MS F p
NaCl 4 1352.29 28.43  0.001
Plant colour (CP) 1 2456.77 51.65  0.001
Light (L) 1 435.29 9.15 0.004
NaCl  CP 4 875.59 18.41  0.001
NaCl  L 4 341.73 7.18  0.001
CP  L 1 142.18 2.99 0.089
NaCl  CP  L 4 106.25 2.23 0.076
Error 60 47.56
Table 3. Germination percentages (mean values  SE) of B. cycloptera seeds without pulp collected from reddish and yellowish plants after 
incubation in different NaCl concentrations for 20 days at 20/30°C under two illumination conditions (12-h light photoperiod and continu-
ous darkness). Means within a column followed by the same letters are not significantly different at the p  0.05 level according to the LSD 
test. For each NaCl concentration and plant colour, the significance of differences between the results from photoperiod and darkness are 
shown as ***p  0.001, *p  0.05, n.s.  not significant.
NaCl concentration 
(mM)
Reddish plant Yellowish plant
Photoperiod Darkness Photoperiod Darkness
0 83.75  2.07 b 37.50  2.79 a *** 91.25  3.25 b 76.25  2.07 b *
100 63.75  2.72 ab 55.00  6.37 a n.s. 30.00  3.06 a 36.25  4.46 a n.s.
200 60.00  4.68 a 53.75  7.58 a n.s. 20.00  3.95 a 28.75  2.07 a n.s.
400 46.25  1.08 a 57.50  5.15 a n.s. 27.50  3.75 a 22.50  8.00 a n.s.
600 60.00  4.68 a 50.00  3.95 a n.s. 27.50  6.49 a 23.75  5.96 a n.s.
except for the interaction between light and plant colour 
(p  0.089). The three-way interaction was not significant 
(p  0.076) (Table 4).
For seeds collected from yellowish plants, significant 
(p  0.05) differences were detected among final germina-
tion percentages from 0 (control) to the all different salt 
concentrations assayed; however, for seeds from reddish 
plants these significant differences only were detected for 
seeds incubated under photoperiod conditions (Table 3). 
For the two illumination conditions, no significant differ-
ences (p  0.005) were detected among the final germina-
tion percentages reached at different salt concentrations 
(Table 3). The decreases in germination due to application of 
NaCl solutions were higher for seeds collected from yellow-
ish plants than for seeds from reddish plants (Table 3). That 
is, seeds from red-coloured plants seem to have the highest 
salinity tolerance. Besides, for each salt concentration, there 
was no significant (p  0.005) difference between the germi-
nation percentages reached under photoperiod and continu-
ous dark (Table 3).
A proportion of ungerminated, salt-treated seeds were able 
to germinate when they were transferred to distilled water 
(Table 5). However, there were no significant (p  0.005) 
differences among recovery percentages between seeds from 
the two plant colours (Table 5).
Discussion
Bienertia cycloptera seeds collected from differently coloured 
plants (reddish and yellowish) showed morphological het-
erogeneity in seed mass and in germination response. This 
variability in germination might have an advantage under 
harsh environmental desert conditions that could favour the 
spread of germination in time and space, and it could also 
reduce the risk of seed bank depletion. Variation in seed size 
has been considered as a maternal outcome because mother 
plant tissues supply the nutrients to embryo (Giles 1990). 
Therefore, maternal environmental conditions such as nutri-
ent availability, soil moisture content, temperature and pol-
lination play an important role in determining seed size 
(Alexander and Wulff 1985, Quesada et al. 1996, Wright 
et al. 1999). In the present study, we collected the seeds of 
both leaf colour morphs from the same population, and 
therefore we assumed that there was no variation in resource 
availability that could affect the seed morphological traits.
Removal of pulp from the seeds proved to be effec-
tive in promoting seed germination of B. cycloptera (both 
reddish and yellowish colour morphs). This indicates that if 
the pulp is removed, seeds are able to germinate immediately 
after dispersal. We assumed that there might be some germi-
nation inhibitors in the fruit pulp. Furthermore, seeds with 
pulp have higher mass, which should be easily visible to fru-
givores. When eaten and passed through the digestive tract 
the seeds will be able to germinate either due to alteration of 
the mechanical or chemical structure of the seed coat and/ 
or removal of fruit pulp (Samuels and Levey 2005, Traveset 
et al. 2008). This can be further confirmed by the fact that 
B. cycloptera fruits do not have any dispersal structure. The 
Table 5. Germination percentages (mean values  SE) of B. cycloptera seeds without pulp collected from reddish and yellowish plants 
after incubation in different NaCl concentrations for 20 days at 20/30°C under 12-h light photoperiod (initial germination), and germination 
percentages when non-germinated seeds were incubated for another 20 days in distilled water (final germination). Means within a column 
followed by the same letters are not significantly different at the p  0.05 level according to the LSD test.
NaCl concentration 
(mM)













0 83.75  2.07 b 83.75  2.07 a --- 91.25  3.25 b 91.25  3.25 b ---
100 63.75  2.72 ab 95.00  1.77 a 85.90  5.15 a 30.00  3.06 a 77.50  2.79 a 68.00  3.35 a
200 60.00  4.68 a 86.25  4.10 a 63.50  11.95 a 20.00  3.95 a 75.00  3.06 a 68.35  4.45 a
400 46.25  1.08 a 81.25  2.07 a 64.72  4.65 a 27.50  3.75 a 70.00  2.50 a 59.37  3.72 a
600 60.00  4.68 a 78.75  3.70 a 46.05  9.08 a 27.50  6.49 a 76.25  7.15 a 61.47  3.59 a
seed mass of seeds with pulp collected from yellowish-
coloured was higher than that of reddish-coloured plants, 
while the seed mass for seeds without pulp was very similar 
for the two morphs. The de-pulped seeds from the reddish-
coloured plants attained showed higher germination ability 
(96.25%) than seeds of yellowish-coloured plants (91.25%), 
suggesting an absence of seed dormancy.
Light enhanced the germination of seeds, both with and 
without pulp, and from both reddish and yellowish plants. 
This indicates that B. cycloptera seeds have positive pho-
toblastism and that they might be able to form a soil seed 
bank as they require light for germination (Bowers 2000, 
Rojas-Aréchiga et al. 2001, El-Keblawy et al. 2013, 
El-Keblawy and Bhatt 2015). However, the light response 
on seed germination in B. cycloptera seems to depended on 
plant colour. Seeds produced by reddish-coloured plants 
germinated significantly better in 12-h light photoperiod 
as compared to continuous dark. However, seeds produced 
by yellowish-coloured plants were able to germinate well 
in both illumination conditions. This could be explained 
by variation in light absorbance by two different pigments 
in the leaf foliage of B. cycloptera. Generally, light absorp-
tion varies with the colour of pigment, and yellow and red-
coloured leaves show greater reflection of light (Moss and 
Loomis 1952). Therefore we may assume that lower absor-
bance by leaf colour pigments (reddish and yellowish) could 
be responsible for a greater light requirement during the 
germination of B. cycloptera seeds.
The different temperature requirement for germina-
tion of seeds between seeds with and without pulp and 
seeds from reddish- and yellowish-coloured plants, indi-
cate that the colour of the plants could play a significant 
role in the survival strategy of this species in deserts. Seed 
without pulp were able to germinate in all the tested tem-
peratures. Although they achieved maximum germination 
(reddish  96.25% and yellowish  91.25%) at higher 
(25/35°C) and moderate (20/30°C) temperature; which is 
approximately the temperature of March in their geographic 
range (Feulner 2006). Usually, B. cycloptera seeds mature and 
disperse during December, when the average temperature is 
around 15/25°C. At this time, all the dispersed seeds have 
pulp that might hinder their germination. However, the alle-
viation of its effect could be through heavy rains that leach 
the allelochemicals or through decomposition of the pulp. 
When rain occurs in March, most of the seeds germinate 
as their pulp would be decomposed. Further these results 
suggest that final seed germination percentage of B. cycloptera 
may not be related to seed size, as seed size did not show any 
significant difference during the germination. Similar results 
were obtained for Miscanthus sinensis (Christian 2012). The 
ability of B. cycloptera seeds to germinate over a wide range 
of temperatures might be advantageous as it most probably 
is the availability of water that decide the timing of germina-
tion under the field conditions (Grime et al. 1981).
Seeds collected from red-coloured plants seem to have 
higher salinity tolerance than those collected from yellow-
ish-coloured plants. The production of seeds with different 
germination characteristics and salinity tolerance indicates 
that the different foliage colours shown by this species may 
be an adaptation strategy which increases the possibilities 
for establishment in unpredictable environments. Under 
NaCl solutions of different concentration, seeds obtained 
from reddish-coloured plants germinated better than seeds 
from yellowish-coloured plants. Variability in salinity toler-
ance depending on seed characteristics have been reported 
in other desert halophytes, such as Atriplex centralasiatica 
(Li et al. 2008), Suaeda aralocaspica (Wang et al. 2008), 
Suaeda splendens (Redondo-Gómez et al. 2008) and Salsola 
rubencence (El-Keblawy et al. 2013). We found that salin-
ity result in a greater germination decrease in seeds collected 
from yellowish-coloured plants, and if salinity stress is not 
reduced during the germination season, it might be assumed 
that they may enter secondary dormancy and possibly form 
a seed soil bank. These differences between seeds obtained 
from plant morphs with different foliage colour presumably 
represent a combination of different complementary adap-
tive strategies that have ecological significance and are of 
importance for the successful survival of the species in des-
erts condition. Yellow foliage plants re much more abundant 
than red-coloured ones. Generally, smaller seeds have an 
advantage because they have a better chance of dispersal and 
colonization of new habitats (Muller-Landau 2010, Skarpaas 
et al. 2011). However, seeds of B. cycloptera obtained from 
different-coloured plants did not show any difference in ger-
mination recovery after exposure to saline conditions. This 
indicates that the seeds from both colour morphs do remain 
viable in saline condition and may able to germinate once 
the salinity is decreased by rain. Similar results have been 
obtained for other desert species such as Aeluropus lagopo-
ides (Gulzar and Khan 2001), Urochondra setulosa (Gulzar 
et al. 2001), Limonium stocksii (Zia and Khan 2004) and 
Halopeplis perfoliata (El-Keblawy and Bhatt 2015).
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